Selecting a landfill site is an optimal solution for the disposal of solid waste in Al-Mahawil Qadhaa, both to fulfill the environmental and scientific requirements, and to comply with regulations and restrictions in this Qadhaa. Presently, there is no landfill site in the area that meets the scientific site selection criteria. Therefore, in this study, two methods of multi-criteria decision-making and Geographic Information System (GIS) were used to produce a map of candidate sites for landfill. Fifteen criteria were entered within GIS: groundwater depth, rivers, soil types; agriculture lands use, land use, elevation, slope, gas pipelines, oil pipelines, power lines, roads, railways, urban centers, villages and archaeological sites. The Analytical Hierarchy Process (AHP) is the first method that was applied to derive criteria weightings using the matrix of pairwise comparisons. The second method was the Ratio Scale Weighting (RSW), which is based on experts' opinion, in order to identify the criteria weightings by giving a ratio score value for each criterion relative to the other criteria. Accuracy assessment (Kappa and Overall Assessment) methods were used to compare the two raster maps which resulted from the two models, and to determine the percentage value of matching pixels for the two maps. Two suitable candidate sites for landfill were identified that satisfy the requirements with an area of 2.218 km 2 -2.950 km 2 in order to accommodate the solid waste generated from the Qadhaa in the period 2020 to 2030.
Introduction
The term "Municipal solid waste" (MSW) is used for waste that is produced in urban areas, and which is not uniform in characteristics or content. The properties and quantity of generated waste in a region are based on the lifestyle of inhabitants in the region, the standard of living, increasing levels of commercial and industrial activities, as well as the type and quantity of the natural resources in a region. The major components of urban waste are often divided into two types: organic and inorganic [1] . Solid Waste Management includes many processes such as the incineration and burial of waste in landfills, recycling, reducing quantities of waste, and re-using [2] . Landfill sites are considered necessary to manage waste, even if other techniques of waste management are adopted. In countries that burn their waste, a suitable landfill site to dispose of the resulting ashes from burning is still required [3] [4] . The process of landfill siting is subject to several factors, including public health concerns, growing environmental awareness, government regulation, government and municipal funding, increasing political and social opposition to the establishment of landfill sites, and reduced land availability for landfills. Therefore, this process is considered to be one of the most complex tasks for planners and authorities [5] .
Presently, there is no landfill site in Mahawil Qadhaa that meets the relevant scientific and environmental criteria used in developed countries. There are only four waste disposal sites distributed throughout the cities of the Qadhaa [6] .
Therefore, the integration of GIS and multi-criteria decision making methods were used to solve the problem of landfill siting in Mahawil Qadhaa, Babylon, Iraq. GIS has a high ability to manage large volumes of spatial data from a variety of sources. Consequently, GIS plays a significance role in contributing to the selection of a landfill site [7] [8] [9] .
In this study, two types of methods of multi-criteria decision making were used:
The Analytic Hierarchy Process (AHP) method, and the Ratio Scale Weighting method. The AHP is one of the most common decision making methods, with a high ability to solve complex problems in different fields [10] [11] . AHP was developed by [10] , and it is used to determine the consistency of weightings for criteria through constructing a matrix of pair-wise comparisons. In the literature, many candidate sites have been identified among several potential landfill sites using GIS and AHP (e.g. [12] - [18] ). In the Ratio Scale Weighting method, the weightings of criteria were given in the direct way based on the opinion of experts, a literature review and the relative importance of each criterion to others. [19] [20] [21] implemented the Ratio Scale Weighting method with GIS in their research to produce the criteria weightings in the solving the problem of sites selection for landfill.
The accuracy assessment method is used in this study to make a comparison between two raster maps that were produced using the AHP and RSW methods.
Accuracy assessment methods (Kappa and Overall Assessment) were used to evaluate the output images and measure the correlation between the two input image classifications from the two models. The Kappa technique was developed by [22] .
This study seeks to select suitable sites for landfill that fulfill the scientific and environmental criteria in Al-Mahawil Qadhaa, Iraq, by using the Analytic Hierarchy Process (AHP and RSW) methods within a GIS environment. Appling the accuracy assessment (Kappa and Overall Assessment) method was done in order to compare the output raster maps that resulted from multi-criteria decision making models.
Study Area
Al-Mahawil Qadhaa consists of the four cities of Al-Mahawil, which is considered to be the administrative center of Al-Mahawil Qadhaa, Al-Neel, Al-Mashroa, and Al-Imam. Al-Mahawil Qadhaa is located in the northern part of the Babylon Governorate, where this Qadhaa connects the Babylon Governorate via many roads with the Iraqi capital, Baghdad. It is situated between longitude 44˚18'15"E and 45˚2'7"E, and latitude 32˚50'8"N and 32˚25'52"N ( Figure 1 ).
The area of Al-Mahawil Qadhaa is 1716 km 2 , which constitutes 32.3% of the total area of the Babylon Governorate [23] . The population of Al-Mahawil Qadhaa was 356,550 in 2015, according to the statistics of the [24] . This figure represents 17.02% of the total population in the governorate. The proportion of rural population in Al-Mahawil Qadhaa was 77.4% in 2015, which constituted the highest percentage when compared with the other cities in the Babylon Governorate.
Determination of Sailable Criteria
In each study area, there are many criteria and factors should be taken into consideration when selecting suitable sites for landfill to meet the established scientific and environmental criteria based on previous studies in this field, expert's opinions and available data about the study area. Fifteen of criteria were selected from different sources. These criteria used are groundwater depth, rivers, soil types, agriculture lands use, land use, elevation, slope, gas pipelines, oil pipelines, power lines, roads, railways, urban centers, villages and archaeological sites.
Preparing the Required Maps
Many steps were implemented within the GIS in order to produce the final required layers as raster maps in this study using special analysis tools (e.g. Buffer, Clip, Extract, Overlay, Proximity, Convert, Reclassify and Map Algebra, etc.).
Many sources were used to prepare the raster maps within GIS, one this source was individual shape files (river, road, urban centers, villages, topography, slope, archaeological sites, gas pipelines, oil pipelines, power lines and railways) which were obtained accordingly using the internal reports of the Iraqi [25] . The second source was available data which was prepared and produced in GIS software (e.g. data for 170 wells of groundwater depths in Babylon Governorate and its surrounding areas were entered into GIS to generate interpolation between these data using the spatial analysis tool called as Kriging [26] , and then the spatial analysis tool "Extract by mask" used to produce the raster map of groundwater depth in Babylon Governorate and Al-Mahawil Qadhaa respectively. The third source was produced raster maps drown from published maps. The raster map of "Agricultural land use" was prepared based on the map of land capability of Iraq (scale 1:1000000) [27] . Then it checked on the satellite images of Babylon Governorate dated 2011 [28] . The create the digital map of "soil types" in AlMahawil Qadhaa, the map of exploratory soil of Iraq (scale 1:1,000,000) was used for this purpose [29] . To obtained the locations of industrial areas within this Qadhaa as a digital map, the published map of industrial areas (scale 1:400,000) [23] was used. The digital map of archaeological sites in this Qadhaa was generated based on the relevant information on the archaeological map of Iraq (scale 1:1,500,000) [30] .
Input Data
To prepare the rating values of the sub-criteria for each criterion, the raster map of each criterion was divided into categories, and each category was given a suitable rating value based on the opinion of experts, previous studies in this field and various required and available data related to the present study [31] [32] (Table 1) . For the "groundwater depths" layer, according to groundwater depth readings, depths of more than 6, between 4 -6 m, 2 -4 m and 0 -2 m were given ratings values of 10, 6, 4, and 1 respectively (Figure 2(a) ). In the "river" layer, in order to reduce the potential for river contamination from landfill, a distance of less than 1000 m from the boundaries of a river was adopted, and it was assigned zero. A distance of more than 1000 m was scored as 10 ( Figure   2 (b)). The layer of "elevation" was divided into four categories according to the digital elevation model (DEM) of the study area. Elevation areas between 16 -22 m Table 1 . Description of the sub-criteria buffer zones, the ratings of sub-criteria. For the layer of "villages", buffer zones of less than 1 km were graded zero, while buffer zones greater than 1 km were scored 10 ( Figure 3(a) ). For the "archaeological sites" layer, a buffer zone of less than 1 km, buffer zones of 1 -3 km around these areas, and buffer zones of more than 3 km were given grading values of zero, 5 and 10 respectively (Figure 3(b) ). Buffer zones of more than 300 m in the "gas pipelines" layer; buffer zones of more than 75 m in the "oil pipe- 
Multi-Criteria Decision Methods
To produce the criteria weightings for this study, two methods were used: Analytical Hierarchy Process (AHP) and Ratio Scale Weighting. In each method, two different procedures were used to estimate the weightings for criteria, and then these weightings were implemented on their maps' layers within GIS to produce the suitability index map for landfill siting in Al-Mahawil Qadhaa. These methods are given below. 
Analytical Hierarchy Process (AHP) Method
The Analytic Hierarchy Process was developed by [10] , and it was used to calculate the relative importance of criteria (significant weightings) for the present study through using a pair-wise comparisons matrix. The decision-makers contributed their experience and judgment in the evaluation of the relative importance of each criterion compared to the others, and then in building a pair-wise comparisons matrix using a numerical scale consisting of 9 points. Each point equates to an expression of the relative importance of the two factors.
The eigenvectors (Eg i ) were estimated based on multiplying the value for each criterion in each column in the same row in a matrix under the root for numbers In this study, the values of CI = 15.61, and RI15 = 1.59. If the Consistency Ratio value is smaller than 0.1, then the consistency is acceptable. Thus, the CR value was 2.7 < 0.1.
The Ratio Scale Weighting (RSW) Method
The decision process in the Ratio Scale Weighting (RSW) method is based on allocating a suitable ratio score value for each criterion, where the value of 100 is given to the most important criterion to be the basis for the values of other criteria. Values smaller than 100, are proportionally allocated to criteria that are lower in the order according to the importance of each criterion with respect to the others [34] . To estimate the original weightings for criteria (R i ) using the Ratio Scale Weighting (RSW) method, the value of proportional weight of each criterion was divided by the value of proportional weight of the lowest importance criterion. Then, the normalized weights for criteria of the RSW method were estimated using Equation (1) ( Table 2 ). W i : is the normalized weight of each criterion which was divided by the Original weight of each criterion by their sum; R i : the Original weight of each criterion of area i under criterion j; n: number of criteria.
Analysis Process Methods
To obtain the final maps of suitability index for landfill siting, overlaying analysis was performed on the layers maps of criteria, which were entered within GIS.
The method of Weighted Linear Combination (WLC) was applied on all criteria using the spatial analysis tool "Map Algebra". This method was used based on the following Equation (2):
where:
A i is the suitability index for area i, W j is the relative importance weighting of the criterion, C ij is the grading value of area i under criterion j, and n is the total number of criteria [35] [36] .
In summary, the suitability index was calculated for each final map of the AHP and the RSW methods through the sum of the products of multiplying the rating values of the sub-criteria for each criterion (based on the opinion of experts in this field) (Table 1 ) by the weight of each criterion which was calculated using the AHP and RSW methods (Table 3) . Figure 5(a) ).
In the Ratio Scale Weighting (RSW) method, the area of each category with their proportions is as follows: "unsuitable", 29 Figure 5(b) ).
Combination of Maps
In order to combine the maps that resulted from the two methods (AHP and RSW), each map was classified into four categories and the same range was used for each map and each category. The four categories were: unsuitable, moderately suitable, suitable and most suitable ( Figure 6 ). Each category within maps has a number of pixels and, consequently, this help in the combination process. In order to combine two maps, the raster maps were entered into GIS, and the special analysis tool 'Local' and then 'Combine' were used. The resultant databases were exported to an Excel file. To create the matrix of data which will be used in estimating the error matrix of accuracy assessment methods (Kappa and Overall Assessment) between the two maps, the special analysis tools "Data Management Tools", " Table" and "Pivot Table" were used, and then the file was saved as a dBase type file. 
Accuracy Assessment Methods (Kappa Overall Assessment)
The Kappa technique was introduced by [22] , and it is used to estimate the agreement between a raster map of a prediction model and a raster map which has real geographic features in special locations using the error or correlation or covariance matrix [37] . In this study, The Kappa technique was used to measure the relationship between the databases of similar categories (four categories) for two output images maps which were produced using the AHP and RSW methods using a correlation matrix. After combining the four categories of the two raster maps within GIS, and then importing the data into an Excel file. The correlation matrix was created and imported its data into excel file (Table 4 ).
The Kappa technique was used to measure the association or agreement between the output images resulting from the different analysis methods that produced the AHP raster map, which is considered an essential map for comparison, and the RSW raster map, using the correlation matrix. Cohen's Kappa is computed as follows [38] . N: total number of cells in the error matrix, r: number of rows in the matrix, X ii : total number in row i and in column i, X +i : the total for row i, X i+ : the total for column i.
The value of Kappa for the correlation matrix was estimated based on ( Table   2 ) using Equation (3) from the AHP and the RSW methods was equal to 99.474%, and it was considered a high level of agreement according to [39] . The error value of the correlation matrix was 0.526%.
In order to calculate the accuracy of the overall assessment value (OA) between the two maps from the AHP and RSW methods, the summation values of cell numbers along the major diagonal (DV) was divided by the total value of cells in the correlation matrix (TV). The accuracy of Overall Assessment is estimated as follows.
OA: The overall assessment value that was resulted from comparison between the two maps using the AHP and RSW methods, DV: the summation values of cell numbers along the major diagonal for the matrix, TV: the total value that resulted from summation the values of cells in the correlation matrix.
The overall assessment value for the matrix of correlation was computed using Equation (4) based on ( 
In this study, through using two methods (Kappa and Overall Assessment) to assess the accuracy of correlation between two raster maps produced using the AHP and the RSW methods using a correlation matrix, the resulting values of the accuracy assessment methods were very similar to each other. The overall Assessment value for all cells which was resulted from comparison between two image maps was approximately 99.689%, indicating a strong statistical correspondence to the kappa percentage 99.474%.Thus, the Kappa technique is considered a very quick and significant method for a comparison between two maps resulting from using two prediction models. Figure 7 shows the percentage of raster values for the matching and nonmatching classes. The percentages of matching pixels in the combination map are 99.479% (in blue), while the percentage of the non-matching pixels is 0.521% (yellow) using the Kappa technique.
Results and Discussion
After determining the weighting for each criterion using two methods (AHP and RSW) and the rating weightings for the sub-criteria of each criterion, the method of Weighted Linear Combination (WLC) was applied to all criteria using the spatial analysis tool "Map Algebra" within GIS to produce the final output maps for the suitability index for landfill siting. The result of this process produced two final output maps of the suitability index of candidate sites for landfill. Then, the two final raster maps which resulted from using AHP and Ratio Scale Weighting methods were combined.
In Al-Mahawil Qadhaa, the cumulative quantity of solid waste expected in 2030 and from 2020 to 2030 is 96,389 tonnes and 877,419 tonnes respectively, as calculated by [6] . The expected population in this Qadhaa in 2030 is 618,274 Figure 7 . The combination map of matching and non-matching areas between (AHP and RSW) methods and its percentages.
inhabitants calculated according to the present population growth rate. The waste density in the waste disposal sites is 450 kg/m 3 in Al-Mahawil Qadhaa according to the [40] . Thus, the volume of waste and cumulative waste are 214,198 m 3 and 1,949,820 m 3 respectively. The average suggested depth to the groundwater in the candidate sites that resulted from this study was adopted as 2 m because the groundwater depth from the ground surface in Al-Mahawil Qadhaa is shallow.
According to these requirements, the area of the candidate site required to accommodate the cumulative quantity of solid waste generated from 2020 to 2030 was found to be 0.975 km 2 .
Two candidate sites were selected for landfill among the many sites which resulted from this study (Figure 8 ). 
Conclusions
This study used the integration of GIS and methods of multi-criteria decision making (AHP and RSW) and through adopting the scientific and environmental criteria that are followed in developed countries in order to select suitable sites for landfill in Al-Mahawil Qadhaa. The process of an overlaying analysis of fifteen layers of raster maps was implemented within the GIS environment in order to solve the problem of landfill siting in this Qadhaa. The layers maps were groundwater depth, rivers, elevation, slope, soil types, land use, agricultural land use, roads, railways, urban centers, villages, archaeological sites, gas pipelines, oil The weighted linear combination (WLC) method was used to produce the final suitability index map for landfill in the study area using the spatial analysis tool "Map Algebra". This procedure was done through summation of the products of multiplying the criteria weightings with the weighting of each sub-criteria of each criterion. After combining the two final maps which resulted from the AHP and RSW methods within GIS, accuracy assessment methods were used to measure an agreement between the output maps for these methods through creating a correlation matrix. The overall Assessment method was used to compare between all pixels for all categories of the two maps produced using the AHP and RSW methods, whilst the Kappa technique was a strong, accuracy and statistical significance method using to measure the agreement between the pixels of two maps using the AHP and RSW methods. Thus, the percentages of accuracy between found by using the Kappa and Overall Assessment (OA) methods were 99.474%, and 99.689% respectively.
For selecting suitable locations for landfill in Al-Mahawil Qadhaa, two candidate sites were considered. The satellite image of the Babylon Governorate in 2011 was used to ensure that these sites were adequate for landfill.
